Background. Propranolol has become the treatment of choice for infantile hemangiomas (IH). Neither the pathogenesis of IH nor the mechanism of action of propranolol on them are well understood. Possible explanations include the inhibition of angiogenesis by decreasing vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF), induction of vascular endothelial cell apoptosis and vasoconstriction.
Introduction
Infantile hemangiomas (IH) are the most common childhood soft tissue tumors -they affect about 10% of infants, including 20-30% of premature babies. [1] [2] [3] [4] The pathogenesis of hemangiomas remains unclear. [2] [3] [4] [5] The 3 most common theories, which do not exclude each other, are: a hypoxia theory, a theory about the small-vessel embolization by cells from the placenta, and a theory of angiogenesis and vasculogenesis increase by the activity of vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF). 3 The unique feature of IH is its natural development, which includes a phase of intensive growth (proliferation) lasting up to 18 months, and a phase of slow disappearance (involution). 5 Unfortunately, both the beginning of the involution phase and its duration are unpredictable. Only in 40% of children the disappearance of the hemangioma leaves no trace or minimal residue, resulting in a good cosmetic effect. Most often, IH disappears, leaving telangiectasias, scars, excess skin, or the so-called fatty fibrous residue. 5, 6 Lesions of the periocular region or face, extensive in size, affecting inner organs or threatening life function, are particularly problematic. There is a high complication rate if no treatment is applied. 5 As most of them are classified as inoperable, alternative treatment options have been sought. In 2008, Léauté-Labreze et al. introduced propranolol (β-blocker) as an alternative treatment option for IH. 7 Since then, propranolol has successfully become the treatment of choice. 8, 9 However, the mechanism of action of propranolol on IH is still not well understood.
According to Storch and Hoeger, the drug has 3 mechanisms of action that affect the lesion. 4 The early effects (lightening of the IH and reduction of tension), seen in the first 3 days of treatment, are attributed to vasoconstriction as a result of reduced nitric oxide release. The intermediate effect is the inhibition of vascular tumor growth, most likely associated with a blockade of proangiogenic growth factors, such as VEGF, bFGF or metalloproteinase-2/9. The regression of the lesion classified as the long-term effect is caused by apoptosis of the proliferating endothelial cells.
The aim of the study was to assess serum concentrations of VEGF and bFGF in the course of propranolol therapy of IH in children as an attempt to assess their practical role as a biochemical marker of successful treatment.
Material and methods
The analysis included a group of 51 infants with IH, diagnosed and treated between 2011 and 2014.
The criteria for inclusion in the research project were IHs that had to be: nonoperative, extensive in size, ulcerative, resulting in an impairment of important vital functions, causing a significant cosmetic defect, or with lesions affecting internal organs.
The Bioethics Committee of the Pomeranian Medical University in Szczecin, Poland, approved the study protocol, and reviewed and approved the consent forms. Written informed consent was obtained from the legal guardians of all of the study participants and recorded in the patient files.
Methods
After history taking of the occurrence and growth of the IH and coexistence of risk factors for IH, clinical interventions were applied before, during and at the follow-up (1.5 months) after treatment, including: -clinical examination with assessment of location, size, color and consistency, assessment in terms of Hemangioma Activity Score (HAS) ( Table 1) , and ophthalmic examination performed in lesions of the periocular region 1 ; -photographic documentation; -doppler US assessing the size and blood flow in the lesion with a ranking system applied: initial size of the IH ranked as 2, reduction during treatment which was less than 50% ranked as 1.5, reduction greater than 50% ranked as 1, and complete involution ranked as 0; the intensity of the blood flow was defined as increased (++), moderate (+) or absent (-); -serum concentrations of VEGF and bFGF before starting the treatment, at 6 th month of treatment and 1.5 months after treatment, carried out using the immunoenzyme method (ELISA); -cardiological examination with electrocardiography, echocardiography and basic laboratory tests; blood Table 1 . Hemangioma Activity Score (HAS) 1 The assessed feature of the infantile hemangioma (IH) Points
Deep swelling: tense IH (6) "neutral" IH at t = 0 or less than 50% reduction at follow up ≥50% reduction at follow-up no more swelling at follow-up 
Statistical analysis
All continuous variables were checked for the normality of the distributions by Kolmogorov-Smirnov test. These variables are described by means, medians, standard deviations (SD), quartiles, as well as minimum and maximum values. The statistical differences between the 2 groups were tested by Student's t-test and Mann-Whitney U test. Multiple variances (ANOVA), covariance (ANCOVA) or Kruskal-Wallis test were used for multiple groups. Variables in the same patient were tested with the Wilcoxon test or the t-test of dependent variables. Discrete variables were described by the amount and frequency. The Pearson's c 2 test was used to study the statistical relationships between discrete variables. For the study of the correlation between discontinuous and orderly variables (coded variables: 0/1), the Spearman's rank correlation coefficient was applied.
The results are described by the correlation coefficient (r) and the probability value (p). The statistically significant differences in all the tests performed were those with a probability value of p < 0.05. Significance level with p-value between 0.051 and 0.099 was designated as a trend at the limit of statistical significance.
Statistical analysis was carried out using Stata 11 statistical program (StataCorp LLC, College Station, USA; license No. 30110532736).
Results
The study group included 51 children, 36 (71%) girls and 15 (29%) boys. The age of patients at the time of introduction of propranolol ranged from 7 weeks to 21.8 months (mean 5.8 months). In the study, 39 (75%) children -the largest group of patients -were 7 weeks to 6 months old (mean 3.6 months). In all cases, the evolutionary history was characteristic for IH. The burden of risk factors included: prematurity of birth, low birth weight (<2500 g in 17.6% of children) and children born from twin pregnancies (3 children, 5.8%). Obstetric risk factors were reported by 5 mothers (9.8%); other reported factors were (number of cases in brackets): invasive prenatal examination (1), cigarette smoking (2), alcohol use (1), and taking pharmaceuticals during pregnancy (28) . There was a family history of IH in 11 children (21.5%).
The hemangiomas were isolated in 39 (76.5%) patients, while in the remaining 12 (23.5%) cases multifocal lesions were found. A total number of 79 IHs were present in 51 patients. More than half of the patients had a lesion of the head. The localizations included (number of lesions in brackets): upper eyelid (9), lower eyelid (3), parotid gland (4), nose (7), upper and lower lip (7), other head areas (8), crotch area (7), upper limb (8), lower limb (5), trunk (17) , neck (1), oral cavity (2), and liver (1). Twelve children (23.5%) had lesions complicated with ulceration.
The lesions that were less than 0.5 × 0.5 cm in size or affected internal organs (liver) were excluded from evaluation in HAS. Before the treatment, HAS ranged from 3 to 6.5 points. The clinical improvement was expressed as a percentage; it presented the difference between the evaluation moment and pretreatment measurement. Significant clinical improvement (from 80% to 99%) corresponded with almost complete disappearance of IH, with only slight skin discoloration, telangiectasia or excess skin. The result of 100% was an equivalent of a total disappearance of the hemangioma (Fig. 1 ). All children showed clinical improvement with a statistically significant reduction in HAS (Fig. 2) . The best results were present at the moment of the decision of graduate cessation of therapy. In 32 (63%) patients disappearance of IH (80-100%) was observed, including a complete involution in 16 patients (32%). Only in 1 case the therapeutic effect was assessed below 50% (33%). Forty-six patients were present at a follow-up 1.5 months after treatment, where the average change was 80.6%. A complete involution was recorded in 28 children (60.9%). In 12 (26.1%) children, there was a slight recurrence.
The best therapeutic effect was achieved in the group of infants who started treatment in early infancy. In this group (7 weeks to 6 months of age) the final therapeutic effect of a complete involution was present in 69% of children. In the group aged 6-12 months, the analogous percentage was 56%. Among children who started treatment at 1 year of age, only 25% of patients had a complete effect. The most spectacular effect, the highest change measured in HAS, was observed in the first month of therapy (19.2%). A gradual decrease was present in later months.
At baseline, hypertensive vascular flow was observed in Doppler US in 47 (92.2%) cases, the remaining 4 (7.8%) were moderate. Changes in vascular flows in subsequent (Fig. 4) .
Values of VEGF and bFGF were evaluated in 47 children. Values of serum VEGF levels before starting the treatment ranged from 40.862 pg/mL to 1151.928 pg/mL, after 6 months of treatment -from 33.589 pg/mL to 1093.84 pg/mL, after treatment ended -from 24.73 pg/mL to 722.074 pg/mL. There was a statistically significant decrease in mean VEGF concentration during and after treatment compared to pretreatment values (p < 0.05). There was a slight decrease in VEGF concentrations during and after treatment (p = 0.11923). Mean values of VEGF did not correlate with number of lesions, location of IH, age of the patients, or dose of propranolol.
The serum bFGF levels before starting the treatment ranged from 0 pg/mL to 30.125 pg/mL, after 6 months of treatment -from 0 pg/mL to 40.92 pg/mL, at the end of treatment -from 1.409 pg/mL to 25.472 pg/mL. It was found that the mean pretreatment bFGF values differed significantly from the treatment and follow-up values (p = 0.0152 and p = 0.0139, respectively). No statistically significant change in bFGF values was observed during and after treatment, with a slight increase in follow-up after treatment (p = 0.1322). Mean values of bFGF did not correlate with the number of lesions or their location. At the border of statistical significance, lower values of bFGF were obtained in pediatric patients receiving the highest doses (1.86-2 mg/kg/day) of the drug during treatment (p = 0.0558). Furthermore, it was found that mean bFGF values were dependent on patient age both before and during treatment (p = 0.007 and p = 0.0001, respectively). The bFGF values were higher in the oldest group of children (18-21 months) .
There was a statistically significant correlation between the outcome of the treatment and the changes in bFGF values during and after treatment. In the case of lack of flow in the Doppler US after treatment, a significant decrease in bFGF value was observed (p = 0.0206). In contrast, an increase in bFGF was noted in the case of persistently high blood flow in the post-treatment (p = 0.0121) study (p-value was calculated with control of doses and age). There was no correlation between changes in VEGF values during and after treatment and vascular flows in Doppler US.
The target therapeutic dose was 2 mg/kg/day in 2 divided doses. In 6 children, the therapy was started at a lower dose (1.3-1.6 mg/kg/day) due to younger age, low body weight and low serum glucose levels, and problems with normalization of the pulse during propranolol introduction. In 5 of these children, the dose was increased to the target dose after 1 month without any side effects.
Six children treated with full-dose therapy required a reduction in the therapeutic dose to 0.9-1.6 mg/kg/day due to adverse events (frequent cough and vomiting, sleep disorders, frequent respiratory infections, symptomatic hypoglycemia, reflux, and suspected asthma).
On average, the full dose was applied for 8.7 months and the total treatment time regarding the gradual withdrawal of the drug was 12 months. The drug was discontinued within 1.5-3 months, with gradual reduction of the dose. 10, 11 According to those studies, hypoxia increases the expression of hypoxia-inducible factor 1-alpha (HIF-1-alpha), which increases vascular endothelial growth factor A (VEGF-A) production by the non-oxidized endothelial cells. Both hypoxia and stromal cell-derived factor 1-alpha (SDF-1 alpha) increase the differentiation and proliferation of endothelial progenitor cells, leading to the development of hemangioma. 10, 11 Hypoxia is probably the strongest factor inducing angiogenesis and the formation of hemangioma. Multiple pregnancy, alcohol consumption, nicotinism, drug use during pregnancy, shortening of the pregnancy, low birth weight, and consequently poor general condition of the newborn are risk factors for IH and may be associated with increased tissue hypoxia. 2 Elevated estrogens in the mother increase the risk of IH in a child. 12 Estrogens stimulate endothelial cell division and increase the concentration of, i.a., metalloproteinase 9 and VEGF, as well as bFGF and nitric oxide (NO), directly and indirectly, and affect endothelial cell migration and angiogenesis. 12 In the literature, the incidence of IH is higher in females, which is consistent with the dominance of girls in our study group. Hu et al. demonstrated elevated serum VEGF levels in children with IH in the proliferative phase. 15 However, other authors have reported increased bFGF in both hemangioma tissue and urine in the proliferation phase, and normalization in the involuting phase. 14, 16, 17 Research into the mechanism of action of propranolol on early hemangiomas is still ongoing. The clinical implications of finding a prognostic marker may include determining effective dosage and optimal age for treatment initiation and completion. Takahashi et al. analyzed 9 factors that can have an influence on angiogenesis. 14 The study material consisted of biopsies at different stages of development (proliferation or involution). The research focused on the proangiogenic or antiangiogenic properties of the individual factors, and, consequently, determining their effect on the growth or disappearance of the IH. The presence of VEGF, type IV collagenase and proliferating cell nuclear antigen (PCNA) was only observed in the period of intense proliferation of choroidal lesions, whereas tissue metalloproteinase inhibitor (TIMP) was recorded only in the angiogenesis phase. The presence of bFGF was found both in the proliferative phase and in the involuting phase, without observing its presence after complete disappearance.
14 These observations allowed the authors to assume that the selected factors may have a prognostic significance in determining the growth phase or involution. However, the invasive character of the surgical biopsy of lesions limits the use of this method.
Zhang et al. analyzed serum VEGF concentrations both in the proliferative phase and in the involuting phase. 18 The results were compared with the values in healthy children. The authors demonstrated significantly higher VEGF values in patients with IH during the period of intensive proliferation compared to the values in healthy children. A similar dependence was observed by other authors, although they found remarkably low levels of this factor in the material taken directly from the hemangioma, both in the proliferative phase and in the involution. 19, 20 The proangiogenic properties of VEGF, as well as the effect of glucocorticoids on angiogenesis and vasculogenesis, have been reported in animal models. 21 After the implantation of stem cells producing vascular endothelial growth factor A (VEGF-A) in mice and simultaneous administration of dexamethasone, other researchers observed a decrease in VEGF value and symptoms of atrophic decompression. These authors measured the angiogenic factors solely from angiogenic lesions. 21 It is, therefore, possible that VEGF is responsible for the proliferation process. In the same way, the mechanism of action of propranolol can be explained. Multipotent stem cells from the hemangioma have vascular endothelial growth factor receptor 1 (VEGFR-1) receptors specific for VEGF-A. Linking them with VEGF-A protein induces the differentiation of these cells into vascular endothelial cells and subsequent vascular formation. 22 According to Zhang et al., propranolol reduces VEGF expression in stem cells derived from hemangioma, which inhibits angiogenesis. 23 The amount of VEGF produced by these cells decreases with the propranolol dose and is markedly reduced even at very low drug concentrations.
Our results confirm the correlation between high levels of VEGF and the phase of intensive proliferation. VEGF levels were also assessed in the study group during the proliferative phase, during which the possibility of correlation of VEGF values and patients' age was also analyzed. There was no statistically significant association between VEGF values and patient age. VEGF values in the course of treatment were significantly lower, which may indicate the efficacy of propranolol therapy. The observed lower VEGF values during the first 6 months and after treatment differed significantly from the values found before treatment. Similar results were obtained by Chinese researchers. 24, 25 The importance of bFGF in the proliferation and suppression of apoptosis of cells in the period of involution are to be emphasized. High concentrations are reported in the urine of patients with hemangiomas, whereas the decrease in urinary values is observed during treatment with interferon alpha 2. 17, 26 Therefore, the decrease of this factor should have a beneficial effect on the disappearance of the hemangioma. Przewratil et al. did not find a statistically significant difference in serum bFGF values in children with hemangiomas in the proliferative phase compared to the involuting phase. 19 In addition, no difference was observed between healthy children compared to children with a vascular malformation. Subsequent studies by the same author showed statistically significant lower values of serum bFGF in the proliferative phase (median bFGF values of 19.445 pg/mL) as compared to children with IH in the involuting phase (32.034 pg/mL). In addition, the author noted higher values of bFGF in the blood taken directly from hemangiomas than in the peripheral blood of the patients. 27 In our study, low concentrations of bFGF were noted (mean 9.59 pg/mL). There was also a statistically significant decrease in the value of this factor during the treatment (mean 6.45 pg/mL). Evaluation of bFGF values before and after the treatment showed a statistically significant difference and may indicate the efficacy of propranolol in the treatment of early hemangiomas. In addition, bFGF level was found to be related to the age of the child -it was higher in older children. This relationship was not observed by other authors. 27 The observed correlation between the decrease in bFGF concentrations after treatment and the disappearance of vascular flow in Doppler US has little prognostic value as it relates to changes that occurred after treatment was completed.
Although IHs undergo a natural involution, the generally accepted principle of "wait and see" is not always beneficial. Finn et al. divided the hemangiomas into those that involute by the age of 6, and those whose disappearance lasted much longer. 6 The early introduction of propranolol suppresses the stage of intense angiogenesis, reducing the possibility of cosmetic defects. However, in the absence of a full therapeutic effect, surgery or laser therapy is necessary. As a rule, it is considered that about 30% of hemangiomas disappear by 3 years of age and 50% by 5 years of age. 5 According to Rajewska et al., only 17% of patients not treated and only monitored for 14.5 months showed the complete disappearance of the hemangioma. 28 In the presented study group, there was a 3-fold increase in the rate of complete disappearance in 8.7 months of treatment, both in the clinical assessment and Doppler US. This indicates the important contribution of propranolol to the hastened process of involution.
Visible assessment of involution of IH does not always correspond with Doppler US of the lesion. Monitoring effects of propranolol should include both methods, especially at the time of the decision to cease therapy.
Propranolol is usually introduced in hospital settings, although there are reports of safe procedures in outpatient settings. 29 The therapeutic dose should be in the range of 1-3 mg/kg/day, in 3 or 2 divided doses. [30] [31] [32] In the study group, the treatment was started in the hospital for 4-5 days, starting from 0.5 mg/kg/day of propranolol until a maximum dose of 2 mg/kg/day in 2 divided doses, with final high effectiveness of such protocol.
The best efficacy of therapy is observed in children who started it before 1 year of age. 30 However, Zvulunov et al. have reported good results of treatment introduced after 1 year of age. 33 Our observations indicate that early initiation of therapy, even before the 6 th month of life, results in a faster disappearance of IH, which is evident in both physical examination and Doppler US. However, all patients who received treatment after 1 year of age experienced significant clinical improvement, but no complete involution was observed.
The effect of propranolol is usually rapid, often seen in the early days of therapy. 7, [34] [35] [36] Visible changes between the 1 st and the 3 rd day of therapy are explained with vasospasms following the reduction of nitric oxide release. 4 In the study group, a change of color or reduction of tension in the 1 st week of treatment was observed in 70% of patients, while at the end of the 1 st month it was noted in over 90% of children.
Probably, the observed lack of IH growth is an effect of the inhibition of bFGF and VEGF by acting on β-adrenergic receptors. An increase in the size of the hemangiomas during the treatment in 2 of our patients, confirmed by increased vascular perfusion in the Doppler US, could be caused by a decreased dose.
Complete involution is observed at different times from the introduction of the treatment. The treatment should last 6-8 months, but may be extended to 1-2 years. 7, 8, 34, 35 The treatment should be continued until the end of the proliferative phase, to a minimum of 1 year of age, and in periocular hemangiomas until the defect (astigmatism) is corrected. 35, 37, 38 Too early or rapid withdrawal may result in recurrence. 29, 36 In the study group, the mean duration of the treatment with the full therapeutic dose was 8.7 months. The best results were obtained by comparing the status between the beginning of the drug withdrawal and the pretreatment condition (r = −0.76). The duration of therapy was prolonged by gradual withdrawal, lasting 1-3 months, to minimize the recurrence risk and maintain a good therapeutic effect. Storch and Hoeger explain the absence of the recurrence by capillary vascular endothelial cell apoptosis induced by non-selective β-blockers. 4 Kum and Khan have shown that only vascular endothelial cells undergo apoptosis, while stem cells -derived from arteries that are precursors of angiogenesis cells -do not. 39 This may explain recurrence after the treatment, seen in about 20% of children. 22 The limitations of this study include a small number of patients and lack of a control group. Nowadays, with the well-documented beneficial effects of propranolol therapy in IH, it would be impossible, from an ethical point of view, to construct a methodology that would include a control group of children with IH not receiving any treatment.
Conclusions
VEGF and bFGF values decrease during propranolol treatment of IH, which may indicate the effect of propranolol on the change in both. However, the results of the statistical tests show a low prognostic value of VEGF and bFGF as possible biochemical markers for monitoring the treatment. Clinical evaluation combined with Doppler US is the most valuable method of monitoring the therapy.
